PCDD and PCDF exposure and levels in humans in Germany. by Beck, H et al.
EnvironmentalHealth Perspectives
Vol. 102 Suppl 1:173-185 1994
PCDD and PCDF Exposure and Levels
in Humans in Germany
by Hans Beck, Astrid Dross, and Wolfgang Mathar
Fornonoccupationally exposed persons, thedailyintakeviafoodconsumptionhasbeen calculated tobe0.35pg/kgbody
weight perday for2,3,7,-tetrachlorodibenzo-p-dioxin (TCDD) and2.3pg/kgbodyweight perdayforTCDDequivalents
(TEqs). Ascompared tofood, other sourcesand pathways areofminorimportance. Foodofanimalorigincontributes
most, although human exposurebeginswithatmospheric emissions depositingthesecompoundsonplantsurfaces. Inthe
meantime, apossibleadditional body burdenfromcardboardcontainers forcow'smilkandcoffeefiltershasbeen prac-
ticallyexcluded. Ofthe210existingPCDDsandPCDFs, only 152,37,8-substitutedisomerswith acharacteristic congener
pattern can be found in samples ofhumanorigin. Inadiposetissueandmilk samples, mean levelsfor2,3,7,8-TCDDof
7.2 and3.6 pg/g fat, respectively, andof56(range 18-122) and30 (range 10-72) pgTEqs/gfat, respectively, were deter-
mined. Human data revealed a dependency of polychlorinated dibenzo-p-dioxins/polychlorinated dibenzofurans
(PCDD/PCDF) levels on age. In human milk, levels became reduced withthenumberofchildren borntomothersand
duration of breast-feeding period. The average daily intake for a breast-fed child has been calculated to be 17 pg
2,3,7,8-TCDD/kgbodyweight perday and 142 pgTEqs/kgbody weight perday, respectively. Levels inadiposetissueof
infants, evenifbreastfed, weredistinctlylowercomparedtohumanmilk. Inhumanmilk,adiposetissue,andwholeblood,
PCDD/PCDFconcentrationshavebeenfoundtobeequal onafat-weightbasis. LiverfataccumulatedPCDD/PCDFwith
analterationinthe congenerdistribution pattern,whereasbrain, even onafat-weightbasis,showedthelowestconcen-
trations. Elevated or evenhighlevels were found inoccupationally exposed personsworking inspecial chemical plants
orinvolved inspecific processes. There arelimiteddatasuggestingslightlyelevated PCDD/PCDFlevels areduetolong-
termconsumptionofalargeshareoffoodproduced nearpoint sourceswith aheavyemission oringestionofsoil ordust
from such areas.
Introduction
Thefindingsofpolychlorinateddibenzo-p-dioxins (PCDDs)
andpolychlorinated dibenzofurans (PCDFs) infivehumanmilk
samples fromGermany (1)causedpublic concernandquestions
aboutthesafety ofbreastfeeding andthe exposureofhumans to
these toxic substances. As a consequence, a large amount of
analytical data fromsamplesofhumanorigin, especially milk,
wasproduced inGermany withdata onprimary and secondary
sources taken into consideration. To identify the routes con-
tributing tothePCDD/PCDFbodyburdenofman, airandfood
samples were analyzed and considered along with factors in-
fluencingthedegreeofcontamination fromthesetwoimportant
pathways.
Levels in Nonoccupationally
Exposed Humans
Human Milk Levels
In Table 1, results for 112 human milk samples (mean age of
mothers, 30years)analyzedintheBundesgesundheitsamt(BGA,
Federal Health Office) have been summarized, stating mini-
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Table 1. PCDD/PCDFlevels (ppg/gfat) inhuman milk.'
Congener Minimum Maximum Mean Median
2,3,7,8-TCDF 0.2 12 2.5 2.1
2,3,7,8-TCDD 0.9 9.7 3.6 3.3
1,2,3,7,8-PeCDF <0.2 3.4 1.0 0.9
2,3,4,7,8-PeCDF 5.7 49 20 19
1,2,3,7,8-PeCDD 2.3 35 12 12
1,2,3,4,7,8-HxCDF 2.5 18 7.9 7.2
1,2,3,6,7,8-HxCDF 2.5 24 7.8 7.1
2,3,4,6,7,8-HxCDF 0.2 11 3.0 2.6
Total HxCDFs 5.9 53 19 17
1,2,3,4,7,8-HxCDD 2.5 33 10 9.8
1,2,3,6,7,8-HxCDD 11 126 47 47
1,2,3,7,8,9-HxCDD 2.0 20 9.0 8.2
Total HxCDDs 16 178 66 65
1,2,3,4,6,7,8-HpCDF 2.5 71 8.4 7.0
1,2,3,4,6,7,8-HpCDD 10 161 51 44
OCDF <0.2 35 1.6 0.5
OCDD 78 1,300 344 281
TEqs 10 72 30 29
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF,
polychlorinated dibenzofuran; TCDF, tetrachlorodibenzofuran; TCDD,
tetrachlorodibenzo-p-dioxin; Pe, penta; CDF, chlorodibenzofuran; CDD,
chlorodibenzo-p-dioxin; Hx,hexa;Hp,hepta;0, octa;TEq,TCDDequivalents.
'n=112 samples.
mum,maximum, mean,andmedianvalues. TCDDequivalents
[TEqs(2)1 rangedfrom 10to72pg/gmilkfat, withameanof
30 pg/g milk fat. For each congener and TEqs, the maxi-
mum/minimum ratios were relatively low, and for at leastBECKETAL.
Table 2. PCDD/PCDF in human milk andadipose tissue (infants andadults): contribution (%) toconcentration oftotal PCDD/PCDFand TEqs.
Adipose tissue
Milk Adults Infants
Congener PCDD/PCDF TEqs PCDD/PCDF TEqs PCDD/PCDF TEqs
2,3,7,8-TCDF 0.5 0.8 0.3 0.5 0.6 1.3
2,3,7,8-TCDD 0.7 12.2 0.8 13.0 0.4 8.9
1,2,3,7,8-PeCDF 0.2 0.2 0.0 0.0 0.1 0.2
2,3,4,7,8-PeCDF 3.9 34.5 4.2 35.9 2.9 35.4
1,2,3,7,8-PeCDD 2.3 20.8 2.3 19.3 1.8 22.1
1,2,3,4,7,8-HxCDF 1.5 2.7 1.6 2.7 2.1 4.4
1,2,3,6,7,8-HxCDF 1.5 2.6 1.8 3.0 1.1 2.4
2,3,4,6,7,8-HxCDF 0.6 1.0 0.5 0.8 0.4 0.8
Total HxCDFs 3.5 6.3 3.9 6.5 3.5 7.5
1,2,3,4,7,8-HxCDD 1.9 3.4 2.0 3.4 1.2 2.6
1,2,3,6,7,8-HxCDD 8.9 15.9 9.5 16.0 7.0 14.8
1,2,3,7,8,9-HxCDD 1.7 3.0 1.2 2.1 1.5 3.2
Total HxCDDs 12.4 22.2 12.7 21.5 9.7 20.6
1,2,3,4,6,7,8-HpCDF 1.6 0.3 2.1 0.4 3.1 0.7
1,2,3,4,6,7,8-HpCDD 9.6 1.7 10.8 1.8 9.7 2.1
OCDF 0.3 0.0 0.0 0.0 0.2 0.0
OCDD 65.0 1.2 63.0 1.1 67.2 1.4
PCDF 9.9 42.0 10.5 43.3 11.0 45.0
PCDD 90.1 58.0 89.5 56.7 89.0 55.0
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF, polychlorinated dibenzofuran; TEq, TCDDequivalents; TCDF, tetrachlorodibenzofuran; TCDD,
tetrachlorodibenzo-p-dioxin; Pe, penta, CDF, chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp, hepta; 0, octa.
90-95% ofthe samples, they were near 10. This also can be
clearly seen from Figure 1, which shows the distribution of
TEqs and congeners such as2,3,7,8-tetrachlorodibenzo-dioxin
(TCDD), 2,3,4,7,8-pentachlorodibenzofuran (PeCDF),
1,2,3,7,8-pentachlorodibenzo-p-dioxin (PeCDD), total hexa-
2,3,7,8-TCDD
chlorodibenzodioxin (HxCDD), and octachlorodibenzo-p-
dioxin (OCDD). As the medians were always lower than the
mean values, all levels were much more likely to represent
populations that were log-normally distributed than normally
distributed (3).
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FIGURE 1. Distribution ofpolychlorinated dibenzo-p-dioxin/polychlorinated dibenzofuran levels in human milk.
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Table3. Mean PCDD/PCDF concentrations (pg/g fat) in humanmilk fromdifferent regions ofGermany.
Berlin Weiden Rheinfelden Recklinghausen Flensburg Rastatt
Congener (n=53) (n= 14) (n= 11) (n=10) (n=6) (n=12)
2,3,7,8-TCDF 2.2 3.3 5.9 1.4 1.6 1.8
2,3,7,8-TCDD 3.5 3.7 4.3 3.9 4.1 3.2
1,2,3,7,8-PeCDF 0.9 1.1 1.3 0.7 0.6 1.1
2,3,4,7,8-PeCDF 20 22 22 21 25 17
1,2,3,7,8-PeCDD 14 12 14 12 12 8.1
1,2,3,4,7,8-HxCDF 8.0 7.4 10 7.7 8.7 6.6
1,2,3,6,7,8-HxCDF 7.5 7.5 9.3 9.2 8.4 6.4
2,3,4,6,7,8-HxCDF 2.8 3.3 3.9 3.1 2.6 2.8
Total HxCDFs 18 18 23 20 20 16
1,2,3,4,7,8-HxCDD 11 9.3 12 13 7.3 7.1
1,2,3,6,7,8-HxCDD 52 44 51 46 46 28
1,2,3,7,8,9-HxCDD 9.4 9.6 11 8.3 8.3 6.7
Total HxCDDs 72 63 74 67 61 42
1,2,3,4,6,7,8-HpCDF 7.5 8.7 11 13 9.3 6.7
1,2,3,4,6,7,8-HpCDD 50 60 81 45 41 37
OCDF 1.8 0.8 1.5 4 0.3 0.7
OCDD 417 264 438 260 200 215
TEqs 31 30 34 30 31 22
Abbreviations: PCDD, polychlorinateddibenzo-p-dioxin; PCDF, polychlorinateddibenzofuran; TEq, TCDDequivalents; TCDF, tetrachlorodibenzofuran; TCDD,
tetrachlorodibenzo-p-dioxin; Pe, penta; CDF, chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp, hepta; 0, octa.
Of the 210 existing PCDDs/PCDFs, only 15 are found in
samplesofhumanorigin. This isremarkable, because inemis-
sionsandenvironmental samples amultitudeofothercongeners,
someofthemin relativelyhighconcentrations, arealsofound.
All congeners present in samples of human origin have a
2,3,7,8-chlorine substitution ofthedibenzodioxin and -furan.
Moreover, thetetra tohexachloro2,3,7,8-substituted congeners
are among the mosttoxic ones. 1,2,3,7,8,9-HxCDF could not
be detected in these samples. 1,2,3,7,8-PeCDF and OCDF in
most cases were found tobe atlevels nearthelimitsofdetection,
and 1,2,3,4,7,8,9-HpCDF could not be identified.
The sumofallPCDDs wasabout 10timeshigherthanthe sum
ofall PCDFs. Only amongthepentachlorocompounds wasthe
levelofthefuranshigherthanthatofdioxins. HpCDD, HpCDF,
OCDF, and OCDD, representing the congeners oflower tox-
icity, make up77% ofallPCDDs/PCDFs. Contributions tothe
TEqs weremadeby2,3,4,7,8-PeCDFwith35%, totalHxCDD
with 22%, 1,2,3,7,8-PeCDD with 21%, and 2,3,7,8-TCDD
with 12%, although, as an example, the last congener had a
share of < 1% in the sum ofall PCDDs/PCDFs. For further
details see Table 2.
The levels ofPCDDs increased with anincreasing degreeof
chlorination. Themaincontributing PCDF congener wasfound
to be 2,3,4,7,8-PeCDF. Furthermore, a strong conformity of
theisomerdistributionpattern forallthesamples(especially for
congeners with the same ornearly the samedegreeofchlorina-
tion) wasevident(4,5) asdemonstratedbytheconstantratiosfor
l,2,3,4,7,8-/1,2,3,6,7,8-HxCDD, 1,2,3,4,7,8-/1,2,3,6,7,8-
HxCDFs and 1,2,3,4,6,7,8-HpCDD/OCDD.
Data on milk and adipose tissue samples from the same
mothers are notavailable. Nevertheless, it canbepresumedthat
on a fat-weight basis, PCDD/PCDF levels should be similar
because practically identical concentrations in milkandadipose
tissue samples (both on a fat-weight basis) from the same
mothers were found (6) with otherorganochlorine compounds
(hexachlorobenzene, ,3-hexachlorocyclohexane, DDT, DDE,
PCB). Additional support for this assumption is provided by
results for adipose tissue samples from eight women ofchild-
Table4. Meandecrease (%) ofPCDD/PCDFconcentrationsin human
milk within onebreast-feeding period.a
Weeks afterdelivery
Congener 6 12
2,3,7,8-TCDD 15 25
2,3,4,7,8-PeCDF 5 20
1,2,3,7,8-PeCDD 10 20
Total HxCDFs 10 10
Total HxCDDs 25 30
1,2,3,4,6,7,8-HpCDF 15 5
1,2,3,4,6,7,8-HpCDD 30 20
OCDD 45 40
TEqs 15 25
aBased onconcentrations in milk samples ofthe first week.
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF,
polychlorinateddibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; Pe, pen-
ta; CDF, chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp,
hepta; 0, octa; TEq, TCDD equivalents.
bearing age(7) with reportedadiposelevelsof2,3,7,8-TCDD,
2,3,4,7,8-PeCDF, and OCDD close to those found in milk
(Table 1).
Dependency ofPCDD/PCDF Levels
on Various Parameters
Basedoninformationgainedfromthemothersby meansofa
questionnaire, we examined several parameters likely to in-
fluence the PCDD/PCDF body burden.
RegionalDifferences. InTable3(8),theregionaldistribution
ofthesamples(compareTable 1) isshown [Berlin, alargecity
withmanytypesofemission;Weiden,aruralarea;Rheinfelden,
atowninaruralareabutnearaPCP-producingplantthatisnow
closed; Recklinghausen, atowninanindustrialarea;Flensburg,
atownattheBalticSea, whereahighconsumptionoffishmay
bepresumed; Rastatt, atownin amoderately industrialized area
with ahigh contamination site (9) (for adiscussion ofthis site
see "Blood" under "Levels in Occupationally Exposed Per-
sons")]. Duetothelimitednumberofsamplesinvestigated, the
results (mean values) are not representative. However, the
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samples indicatethattherehasbeen noevidentdependencyofthe
PCDD/PCDF concentrations on the geographic residence of
subjects. This statement remains true when considering levels
establishedbyotherlaboratories insamples fromother regions
of Germany (5,10-15). Moreover, these data underline the
homogeneous patternofdistribution ingeneral. In amultivariate
statistical approach, Lindstrom et al. (16), who analyzed milk
samples from North-Rhine Westphalia (Germany), found no
correlation, irrespective ofwhether themothers lived inurban
areas or in a rural environment. Additionally, results obtained
with samples from other countries with a similardegree ofin-
dustrialization, compiled by the World Health Organization
[WHO (17)], were ingood agreementwiththose fromGermany,
as was also reported by Schecter et al. (18).
Toproduce a surveyofPCDD/PCDF levelsinGermany, sup-
plemental results were added to those published by Furst et al.
(11), Ende(12), andBecketal. (8)andcombinedwiththosefor
728 samples. This representativeoverview (19) demonstrates the
presenceofa rangefrom6to87 pgTEq/g milkfat, with a mean
of31 pg TEq/g milk fat.
Number ofChildren. Figure 2 clearly shows a decrease of
PCDD/PCDF levels with the number of children for
2,3,7,8-1XDD, 2,3,4,7,8-PeCDF, 1,2,3,7,8-PeCDD, all HxCDDs,
% Concentration % Decrease
11
1 2 3
Breast Feeding Periods
2,3,7,8-TCDD 2,3,4,7,8-PeCDF 1,2,3,7,8-PeCDD
-Total HxCDD OCDD +TEq
FIGURE2. Relative levels ofpolychlorinated dibenzo-p-dioxins/polychlorinated
dibenzofurans inhuman milk versus numberofbreastfeeding periods (first
child, 100%).
'Ible 5. PCDD/PCDFconcentrations (pg/g fat) in samples of
adipose tissuefrom nonoccupationally exposed humans.a
Congener Minimum Maximum Mean
2,3,7,8-TCDF 0.7 6.0 2.5
2,3,7,8-TCDD 1.5 18 7.2
1,2,3,7,8-PeCDF 0.1 1.6 0.4
2,3,4,7,8-PeCDF 10 101 40
1,2,3,7,8-PeCDD 8.8 48 21
1,2,3,4,7,8-HxCDF 4.8 39 15
1,2,3,6,7,8-HxCDF 4.7 47 16
2,3,4,6,7,8-HxCDF 2.1 10 4.7
Total HxCDFs 12 96 36
1,2,3,4,7,8-HxCDD 8.7 29 19
1,2,3,6,7,8-HxCDD 35 129 89
1,2,3,7,8,9-HxCDD 3.8 20 12
Total HxCDDs 48 178 119
1,2,3,4,6,7,8-HpCDF 7.2 35 20
1,2,3,4,6,7,8-HpCDD 39 216 101
OCDF 0.1 0.8 0.4
OCDD 212 1,061 591
TEQs 18 122 56
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF,
polychlorinateddibenzofuran;TCDD, tetrachlorodibenzo-p-dioxin; Pe, pen-
ta; CDF, chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp,
hepta; 0, octa; TEq, TCDD equivalents.
an=20 samples.
Table6. Definition ofPCDD/PCDFbackground
concentrations (pg/g) in humanfat.
Compound Range
TCDF < 1 - 10
TCDD 2 - 20
Total PeCDFs 2 - 100
PeCDD 2 - 50
Total HxCDFs 2 - 100
Total HxCDDs 10 - 300
Total HpCDFs 2 - 50
HpCDD 10 - 250
OCDF < 1 - 20
OCDD 50 - 1500
TEqs 6 - 140
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF,
polychlorinateddibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; Pe, pen-
ta; CDF, chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp,
hepta; 0, octa; TEq, TCDD equivalents.
OCDD, andTEqs. ForthesecongenersandTEqs, theconcen-
trationsinmilkfrommotherswiththeirthirdchilddecreasedto
between36and47% (43% forTEqs)ascomparedtomilkfrom
motherswiththeirfirstchild. Lindstrometal. (16)andFurstet
al. (5,15) found similar results foranother cohort.
DurationofBreast-FeedingPeriod. Three samplesofmilk
from 15 motherswiththeirfirstchildwerecollectedduringthe
breast-feedingperiod(sample 1, 1stweek; sample2,6thweek;
sample3, 12thweek)andwereanalyzed inparallel clean-ups.
As aresult, different ratesofdecrease inthelevelsofthe con-
geners were ascertained. Higher chlorinated PCDDs/PCDFs
wereeliminatedfasterthanlowerchlorinatedcongeners. Also,
PCDDs wereeliminated morerapidly than PCDFs. The main
decreasewasfoundduringthefirstweeks. Inpart,theindividual
datarevealeddistinctdeviations fromthemeanssummarizedin
Table4. Basedontheconcentrationsinmilkfromthefirstweek,
we found a decline for TEqs of25% and for OCDD of40%
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Table 7. Daily intakeofPCDDs/PCDFs (pg/kg body weight perday)
by infantsviahuman milk.a
Minimum Maximum Mean
2,3,7,8-TCDD 4 48 17
TEqs 48 346 142
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF,
polychlorinated dibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; TEq, TCDD
equivalents.
aBody weightS kg; milkquantity: 800 ml; fat content: 3%. See Table I for
levels in milk.
(20). Similar results were reported by Furst et al. (15): One
motherbreast-feeding for 1 yearretained28% ofTEqsfromher
first-week levels.
Age. Figure3 suggestsadependencyofthe2,3,7,8-TCDD and
TEq levels on the age ofthe mother with her firstchild. There
wasanincreaseof0.12 pgTCDD/gmilkfatperyearand0.71 pg
TEq/g milkfatperyear. Forthisparameterwehadselectedon-
ly mothers withtheirfirstchildtoavoidlowerlevelsinmilkfrom
mothers with more births. In principle, human fat and blood
samples are more suitable for such a study because of the
relatively shorttimethatwomenareofchildbearingageanddif-
ferent factorsinfluencingthelevels inhumanmilk. However, in
pg/g Milk Fat
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FiGuRE3. Tetrachlorodibenzo-p-dioxin (TCDD) andTCDDequivalentlevels in
human milk (first child) versus age.
¶hble& PCDD/PCDF levels (ppg/gfat) inadiposetissueofinfants.
Infant
Congener A B C K L M
2,3,7,8-TCDF <0.5 <0.5 <0.5 1.4 3.1 1.1
2,3,7,8-TCDD 1.0 0.7 <0.5 <0.2 <0.5 2.1
1,2,3,7,8-PeCDF <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
2,3,4,7,8-PeCDF 5.5 4.5 3.9 1.6 6.0 13
1,2,3,7,8-PeCDD 2.5 2.0 1.9 0.5 2.9 12
1,2,3,4,7,8-HxCDF 1.0 1.8 1.1 2.3 7.7 7.5
1,2,3,6,7,8-HxCDF 0.7 1.6 1.3 0.7 2.4 4.8
2,3,4,6,7,8-HxCDF 0.6 <0.5 <0.5 0.5 0.3 2.0
Total HxCDFs 2.3 3.7 2.7 3.5 10 14
1,2,3,4,7,8-HxCDD 1.7 1.3 0.8 0.3 2.6 6.2
1,2,3,6,7,8-HxCDD 9.1 6.0 5.7 2.1 13 37
1,2,3,7,8,9-HxCDD 1.5 1.6 0.9 0.8 3.6 7.1
Total HxCDDs 12 8.9 7.4 3.2 19 50
1,2,3,4,6,7,8-HpCDF 2.5 2.6 1.8 2.2 11 12
1,2,3,4,6,7,8-HpCDD 5.9 5.8 6.5 5.1 20 57
OCDF <0.5 1.2 <0.5 <0.5 <0.5 <0.5
OCDD 55 43 81 59 120 341
TEqs 6.6 5.4 4.4 2.1 8.4 22
Age, months 9.3 3.8 4.8 4.8 6.2 23
Breast feeding, days
Exclusively 21 6 0 0 90 56
Partially 63 0 0 0 0 28
Abbreviations: PCDD, polychlorinateddibenzo-p-dioxin; PCDF, polychlor-
inated dibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; Pe, penta; CDF,
chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp, hepta;0,
octa; TEq, TCDD equivalents.
the data sets of Lindstrom et al. (16) and Furst et al. (5), a
dependency onage was not found.
Smoking habits. Differences of PCDD/PCDF levels in
human milkin relation tocigarette smoking couldnotbe seen
because ofalackofdifferences in concentrations notonly for
TEqsbutalsoforindividualcongenersbetweenbothgroups. As
theconcentrations incigaretteshavebeenreportedtobe3.4pg
OCDD/cigarette and0.1 pgTEq/cigarette (21), elevatedTEq
levels could notbe expected theoretically even for long-time,
heavy smokers iftheintakefrom smoking was comparedwith
the intake via foodconsumption.
VegetarianDiet. ThePCDD/PCDFlevelsin6milksamples
frommothers with avegetariandiet(TEq, 14.0pg/g milkfat)
were slightly lower than the levels in 60 milk samples from
motherswithacommondiet(TEq, 16.2pg/gmilkfat). Thedif-
ferencesmayhavebeensosmallbecausethevegetariandietwas
takenonly forarelativelyshortperiodandmilkandmilkprod-
uctswerenotalwaysexcludedandareimportantsourcesforthe
PCDD/PCDFbody burden.
Two samples from vegans (individuals who eat no meat or
meatbyproducts, including poultry andfish, nomilkorother
dairyproducts,andnoeggs)weretaken. Thesesampleshad7.8
and 14.0 pg TEq/g milkfat and were included inthe samples
fromthevegetarians.
Indoor WoodPaneling. Someyears ago muchofthe wood
usedforconstruction wastreatedwithpentachlorophenol (PCP)
containing high levels of PCDDs/PCDFs, especially higher
chlorinatedoneswithapredominanceofOCDD. Insomecases,
thisresultedinelevatedindoorairPCDD/PCDFlevelsinhouses
furnishedwithwoodpaneling. Levelsofmilksamplesfrom37
motherslivinginhouseswithwoodpanelingdidnotdifferfrom
samples from mothers without such paneling in their homes.
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Table 9. Mean ratios ofPCDD/PCDF concentrations in human liverfat
and adipose tissue fat from adults (23) and infants (28).
Adults Infants
Congener (n=28) (n=3)
2,3,7,8-TCDF 2.20 -
2,3,7,8-TCDD 2.05 1.1
2,3,4,7,8-PeCDF 4.93 2.6
1,2,3,7,8-PeCDF 1.22 1.2
Total HxCDFs 9.38 12.8
Total HxCDDs 1.76 1.3
1,2,3,4,6,7,8-HpCDF 15.42 9.5
1,2,3,4,6,7,8-HpCDD 9.39 8.5
OCDF 7.43 5.3
OCDD 11.83 14.1
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF, polychlor-
inated dibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; Pe, penta; CDF,
chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp, hepta; 0,
octa.
Even forOCDD, levelsdidnotdifferbetweenthoseexposedand
those not exposed.
Foronemilksample(TEq, 36; OCDD, 257pg/gmilkfat)with
levels nearthemeanvaluesforthereferencegroup(Table 1), the
corresponding indoorairPCDD/PCDFlevelsweremeasuredto
benearly 2pgTEq/m3and200pgOCDD/m3, respectively, con-
Table 10. PCDD/PCDFconcentrations (pg/gfatinadiposetissue
ofoccupationally exposed workers.'
Congener Minimum Maximum Mean
2,3,7,8-TCDF 0.5 4.9 1.5
2,3,7,8-TCDD 5.9 2,252 225
1,2,3,7,8-PeCDF 0.2 5.8 1.3
2,3,4,7,8-PeCDF 14 205 67
1,2,3,7,8-PeCDD 12 605 126
1,2,3,4,7,8-HxCDF 4.8 1,038 191
1,2,3,6,7,8-HxCDF 5.0 365 95
2,3,4,6,7,8-HxCDF 1.2 43 10
Total HxCDFs 11 1,431 296
1,2,3,4,7,8-HxCDD 9.3 1,133 204
1,2,3,6,7,8-HxCDD 40 7,631 1,017
1,2,3,7,8,9-HxCDD 5.8 849 163
Total HxCDDs 55 9,613 1,384
1,2,3,4,6,7,8-HpCDF 6.1 935 181
1,2,3,4,7,8,9-HpCDF 0.2 25 5.4
Total HpCDFs 6.3 947 186
1,2,3,4,6,7,8-HpCDD 24 4,120 747
OCDF 0.5 33 1.9
OCDD 302 15,892 3,264
TEqs 37 2,928 502
Abbreviations: PCDD, polydclorinated dibenzo-p-dioxin; PCDF, polychlori-
nated dibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; Pe, penta; CDF,
chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp, hepta; 0,
octa; TEq, TCDDequivalents.
an=57 samples.
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FIGURE4. Tetrachlorodibenzo-p-dioxin (TCDD) and TCDDequivalent levels
in human adipose tissue versus age.
centrations showing elevated indoor air levels (W. Rotard, un-
published results).
OtherPameters. Anegativecorrelation was foundbetween
PCDD/PCDFlevelsinhumanmilkandthechildweight(16)and
for the difference of weight from the optimum weight of the
mothers (5). Nosuchcorrelation wasrecognized forthefatcon-
tentofmilkand mother's body fat status (16).
Adipose Tissue
Adults. InTableS, theresultsoftheanalysisof20samplesof
human adipose tissue (males, mean age, 50 years) have been
summarized(22). ForTEqs, arangeof18-122pg/g, withamean
of56pg/gfatwasfound. Comparedwithlevelsinhuman milk,
theselevelsweredistinctlyhigher. Thiswaspartlyduetoahigher
age of donors of adipose tissue, but also due to different
parametersdiminishingthePCDD/PCDFlevels inhumanmilk
such asthedurationofbreastfeeding period andthenumber of
children. Theisomerpatternscharacterizedbythepercentageof
congeners as referred to total PCDD/PCDF were without any
evidentdifferences (Table 2).
Figure4showsasimilardependency ofPCDD/PCDFlevels
onageasdescribedformilksamplesbecausetherewasanear-
lyidentical increaseof0.12pgTCDD/g fatperyearand0.77pg
TEq/g fatperyear, respectively.
Thomaetal. (23-25)reportedon76samplesofadiposetissue
from humans ofdifferent age, sex, body weight, height, and
health status with similarPCDD/PCDF levels. No correlation
oflevels withageor sexcouldbe seen. Considering all data in
combination with thatofcountries with a similardegree ofin-
dustrialization, we defined the ranges listed in Table 6 as
"PCDD/PCDF background levels" in humans from industri-
alized countries atthepresenttime (22).
Infants. AsthePCDD/PCDFlevelsinhumanmilkhavebeen
stated tobehigherthaninfood(26,27)andinfant fbrmula(27),
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differencesinlevelsmightbeexpectedforadiposetissuesamples
from breast-fed and nonbreast-fed infants. To examine the
suspected differences, adipose tissue samples from six infants
who had diedfrom sudden infantdeath syndrome (SIDS) were
analyzed (28). ThechoiceofSIDS samples wasbasedonthefact
thatthenutritional statusofthechildrenaffected isentirely nor-
mal, which is not always true ofsickchildren.
The average daily intake of a breast-fed child has been
calculatedtobe 17 pg 2,3,7,8-TCDD/kg bodyweightperday and
142 pg TEq/kg body weightperday (29), (forfurtherdetails, see
Table 7) andexceeds the upperlimitofthetolerabledaily intake
[1 - 10 pg TEq/kg body weight per day, fixed by the
Bundesgesundheitsamt (BGA) (30)] by afactorofmorethan 10.
Although for risk assessment the daily intake over the entire
lifetime has to be considered (30,31), the short-term intake of
levels exceeding thetoxicological limits duringbreast-feeding is
of concern both because ofthe long half-life ofsome ofthese
compounds andalso inlightofprospectivehealthcare. However,
according to the BGA, no adverse health effects in breast-fed
children havebeen demonstrated andbecause theadvantagesof
breastfeeding for the first 4-6 months of life outweigh the
theoretical risks, breastfeeding is encouraged inaccordance with
WHO (31) recommendations.
By feeding with infant formula, the daily intake is estimated
to be lowered by a factor of 1/20. Therefore, the PCDD/PCDF
levels inadipose tissue samplesofbreast-fed infantsaresurpris-
ingly low, althoughthey arehigherthan in nonbreast-fed infants
(Table 8). In any case, for infants it has to be considered that
adiposetissue weight increases more strongly thanbody weight
withage, butthis small databasedoes notpermitacalculation of
theextentofprenatal exposure and theextentofabsorption from
the gastrointestinal tract (7,32,33). The isomer pattern
characterizedby thepercentageofcongeners as compared with
total PCDD/PCDF was without any important differences to
human milkor adipose tissue samples (see Table 2). This is in
contrast to findings by Thoma (23,25), who reported the
presenceofrelatively higherlevels, especially ofTCDD, ineight
Table 11. PCDD/PCDF concentrations (pg/g fat) in adipose tissue
and spinal cord ofone person.
Adipose Spinal
Congener tissue cord
2,3,7,8-TCDF 0.6 <4.5
2,3,7,8-TCDD 56 13
1,2,3,7,8-PeCDF 1.3 1.8
2,3,4,7,8-PeCDF 32 3.1
1,2,3,7,8-PeCDD 47 6.1
1,2,3,4,7,8-HxCDF 73 7.8
1,2,3,6,7,8-HxCDF 44 3.5
2,3,4,6,7,8-HxCDF 3.7 1.0
Total HxCDFs 121 12
1,2,3,4,7,8-HxCDD 67 7.1
1,2,3,6,7,8-HxCDD 349 22
1,2,3,7,8,9-HxCDD 89 7.1
Total HxCDDs 505 36
1,2,3,4,6,7,8-HpCDF 58 7.9
1,2,3,4,6,7,8-HpCDD 186 12
OCDF 0.8 2.5
OCDD 1,004 144
TEqs 161 23
Abbreviations: PCDD, polychiorinated dibenzo-p-dioxin; PCDF, polychlori-
nated dibenzofuran; TCDD, tetrachlordibenzo-p-dioxin; Pe, penta; CDF,
chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp, hepta; 0,
octa; TEq, TCDD equivalents.
infants. As there are no data on the causes ofdeath, elevated
levels (e.g., because ofcachexia) cannot be excluded. Never-
theless, thesemeanlevelsforallcongeners exceptTCDD were
lowerthanthecorresponding ones forhuman milk.
Incontrast, Bowman's(34)investigations inrhesusmonkeys
have shown 2,3,7,8-TCDD levels in the fat of the offsprings
(breast-fedfor4months)weremorethanfourtimeshigherthan
in the fat of the mothers with a 5 and 25 pg/g TCDD level.
Assuming TCDDdistributionacrosstheplacentaatequaltissue
concentration, thelactational transferledtoa3.3bioconcentra-
tion ofTCDD in infant fatcomparedto that in mother's fat.
Blood
Assamplingofadiposetissueinvolvesasurgical intervention
and human milk is restricted to breast-feeding mothers, blood
sampling islessinvasiveandmoregenerally available. Adisad-
vantage is that investigations involving blood are much more
complicatedbecauseofthelow levelsfound. As abasicrequire-
ment, itisimportanttoknowtherelationofPCDD/PCDFcon-
centrations inbloodandadiposetissue, especiallytorecognize
specific exposure situations.
Measurements ofadiposetissueandwholebloodofthreeper-
sonsrevealedagoodconformityoftheresults onalipidweight
basisforeachperson(35). Additionally, thePCDD/PCDFlevels
of10and 85, respectively, wholeblood samples ofnonexposed
persons (36,37) corresponded tothoseforadiposetissue (Table
5), bothonalipid-weightbasis. Inanotherstudy, itwas shown
that higher chlorinated compounds such as OCDD in plasma
lipid were present in higher amounts than in adipose fat, but
whole blood lipid and adipose fat values for the higher
chlorinated aswellaslowerchlorinatedvalues wereaboutequal
(38,39).
Organs
Liver. Adiposetissueandliversamplesfrom28adultsofdif-
ferent age, sex, body weight, height, and health status were
analyzed by Thoma et al (23). In addition, the results ofthe
analysis ofthreeliversamples fromthreeSIDSinfantswithcor-
responding adipose tissue samples were published (28). Both
studieshaveshownthatliver/adiposetissueratios(bothonafat-
weight basis) for HxCDFs, HpCDF, HpCDD, and OCDD are
strikingly high, whereasfortheothercongenerstheratioswere
lower (Table 9). This suggests distinct differences in the
PCDD/PCDF pattern in liver in comparison to adipose tissue
(40,41). Contrary to the results based on fat weight, liver was
found not to accumulate TEqs if results were expressed on a
wholeweightbasis (28).
Thymus, Spleen, andBrin. Fromthethree infantswhohad
diedfromSIDS, thymus, spleen, andbrain(grayandwhitemat-
ter) were also analyzed. In comparison to adipose tissue, the
levelswerelowinbrain,evenonafat-weightbasis. Thismeans
that there is noaccumulation inthebrain. ForTEqs inthymus
andspleenonafat-weightbasis, theratios toadipose fatare in
manycasesabove2, butonawholeweightbasis, noneofthese
organs was foundtoaccumulate PCDDs/PCDFs (28).
Placenta. Concentrationratiosforplacentalandadiposetissue
(both on a fat-weight basis) ofeight women increased in the
groupofPCDDs/PCDFswithincreasingdegreesofchlorination
(concentration ratios placenta/adipose tissue: TCDD, 0.4;
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Table 12. PCDD/PCDFconcentrations (pg/gfat) in food samplesofanimal origin.
Cow's
Congener Milk Butter Pork Beef Sheep Chicken Eggs Herring Cod Redfish
2,3,7,8-TCDF 0.7 0.15 0.11 0.3 0.6 2.1 1.1 57 98 78
2,3,7,8-TCDD 0.2 0.08 0.03 0.6 0.01 0.3 0.2 4.7 23 2.8
1,2,3,7,8-PeCDF 0.2 0.09 0.01 0.01 0.01 0.01 0.6 16 48 31
2,3,4,7,8-PeCDF 1.4 0.45 0.08 1.5 0.9 1.5 0.8 29 3.1 25
1,2,3,7,8-PeCDD 0.7 0.41 0.12 0.8 0.5 0.7 0.4 12 1.3 6.5
1,2,3,4,7,8-HxCDF 0.9 0.43 0.15 0.8 0.9 0.6 0.4 3.0 6.9 3.5
1,2,3,6,7,8-HxCDF 0.8 0.44 0.07 0.6 1.2 0.4 0.3 4.2 13 6.0
2,3,4,6,7,8-HxCDF 0.7 0.31 0.05 1.3 1.5 0.3 1.7 3.6 8.2 7.2
Total HxCDFs 2.4 1.18 0.27 2.7 3.6 1.3 2.4 11 28 17
1,2,3,4,7,8-HxCDD 0.3 0.15 0.21 0.6 0.3 0.5 1.3 1.2 0.01 0.5
1,2,3,6,7,8-HxCDD 1.1 0.95 0.29 1.9 1.5 2.8 1.4 5.8 17 8.4
1,2,3,7,8,9-HxCDD 0.4 0.26 0.06 0.6 0.4 0.6 0.5 1.0 5.2 1.3
Total HxCDDs 1.8 1.36 0.56 3.1 2.2 3.9 3.2 8.0 22 10
1,2,3,4,6,7,8-HpCDF 0.5 0.34 1.1 2.2 8.1 0.8 0.6 1.6 10 1.5
1,2,3,4,6,7,8-HpCDD 2 1.5 2.1 18 15 6.0 0.4 3.6 10 3.0
OCDF 1 0.25 0.41 0.2 0.3 0.6 0.2 1.4 2.1 0.3
OCDD 10 3.4 19 25 68 52 12 19 83 11
TEqs 1.79 0.81 0.28 2.59 1.65 2.25 1.52 33.7 42.7 30.7
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF, polychlorinateddibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; Pe, penta; CDF, chlorodiben-
zofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp, hepta; 0, octa; TEq, TCDD equivalents.
Table 13. Averagedaily intake (pg/d) for2,3,7,8-TCDD and
TEqs viafoodconsumption (26).
Consumption,
Food g/day 2,3,7,8-TCDD TEq
Meat/meat products 38 (fat) 7.0 35.9
Milk/milk products 33 (fat) 6.2 55.1
Eggs 3.9 (fat) 0.8 5.9
Fish/fish products 1.8 (fat) 8.6 60.5
Vegetable oil 26 (fat) 0.1 0.4
Vegetable 244 (wet weight) 1.2 3.7
Fruit 130 (wet weight) 0.7 2.0
Total 102.7 (fat) 24.6 164
Abbreviations: TCDD, tetrachlorodibenzo-p-dioxin; TEq, TCDD
equivalents.
OCDD, 1.6). Because fat content oftheplacental tissue rang-
edfrom0.6to 1%, onawholeweightbasis thistissueislow in
these substances compared to adiposetissue (7).
Levels in Occupationally-
Exposed Persons
Adipose Tissue
In achemical plant in Ludwigshafen, Germany, an incident
occurred in 1953 in the trichlorophenol manufacturing plant
leading to ahigh contamination by2,3,7,8-TCDD. Morethan
30 years later, Schecter et al. (42) analyzed six samples of
adiposetissuefromworkerswhohadbeenexposedtothiscom-
pound. For2,3,7,8-TCDD the rangewasbetween 14and 141
(mean, 49) pg/g fat, i.e., reaching from normal background
levels (see Table 6) to elevated levels. However, even the
minimumlevelmayhavebeenelevatedatthetimeofexposure.
The other congeners were inthe normal range.
Rappeetal. (43)analyzedfoursamplesofadiposetissuefrom
personswhohadworkedatthesameplant. Highlevels(>200
pg/g), andameanvalueof150pg/gfor2,3,7,8-TCDDdistinct-
lyexceedingthebackgroundcontminationcouldbeidentified.
Othercongeners were inthe normal range.
Table 14. PCDD/PCDFlevels (pg/gfat) in geesefattissue.a
Sample
Congener
2,3,7,8-TCDF
2,3,7,8-TCDD
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
2,3,4,6,7,8-HxCDF
Total HxCDFs
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
Total HxCDDs
1,2,3,4,6,7,8-HpCDF
1,2,3,4,6,7,8-HpCDD
OCDF
OCDD
TEqs
3.2
5.8
4.7
8.6
10
7.9
6.3
1.8
16
2.9
7.2
1.5
12
4.1
3.4
0.6
9.4
19
2
2.4
5.8
4.1
5.9
11
5.6
3.7
2.3
12
4.5
9.0
2.3
16
3.5
6.4
1.0
23
18
3
3.1
6.0
7.9
8.0
11
13
8.1
3.5
24
4.1
8.2
2.3
15
6.3
5.4
1.5
18
20
4
<0.2
0.2
0.3
0.4
0.4
0.5
0.3
0.2
1.0
0.4
1.5
0.4
2.3
1.1
2.6
0.5
<10
1.0
5
<0.2
0.2
0.3
0.4
0.5
0.5
0.3
0.2
1.0
0.3
1.6
0.3
2.3
0.8
2.3
0.6
<10
1.0
6
<0.2
0.2
0.2
0.3
0.5
0.2
0.2
0.2
0.6
0.2
0.3
0.2
0.7
0.2
0.5
0.2
<10
0.8
Abbreviations: PCDD, polychlorinateddibenzo-p-dioxin; PCDF, polychlori-
nated dibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; Pe, penta; CDF,
chlorodibenzofuran; CDD,chlorodibenzo-p-ioxin; Hx, hexa; Hp, hepta;0,
octa; TEq, TCDD equivalents.
'Samples 1-3, contaminated area; samples4-6, background.
Anothercompany inGermanywithtwochemicalplantsinIn-
gelheimandHamburgproduced, inadditiontoothersubstances,
lindane, chlorophenols, and2,4,5-Tinseriesofcombinedreac-
tionswiththermaldecomposition, resulting intheformationof
amultitudeofPCDD/PCDF isomersincludingnon-2,3,7,8-sub-
stituted ones. From 57 employees ofthese twoplants, adipose
tissuesamplesweretaken. TherangesofPCDD/PCDF concen-
trationsinthesesamplesaregiveninTable 10, showingthatthe
lowerconcentrations weresimilartothosefoundinhumanmilk
or adipose tissue from nonexposed persons (22). Fourteen
sampleshadTEqlevelswithinthebackgroundrange(seeTable
6). ThemaximumlevelsforPCDD/PCDFcongeners were ex-
tremelyhighinsomepersons. In 10samplesTEqlevelsexceeded
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Table 15. PCDD/PCDFlevels (pg/g wetweight) in kale.'
Sample
Congener 1 2 3 4 5
2,3,7,8-TCDF 0.07 0.16 0.84 1.21 3.05
OtherTCDFs 1.43 5.30 14.12 37.80 62.45
2,3,7,8-TCDD <0.01 0.05 0.05 0.10 0.14
OtherTCDDs 1.07 3.93 6.89 10.86 17.79
1,2,3,7,8-PeCDF 0.14 0.39 1.03 1.00 1.15
2,3,4,7,8-PeCDF 0.07 0.14 0.46 0.28 0.44
Other PeCDFs 2.06 5.67 13.37 13.32 15.22
1,2,3,7,8-PeCDD 0.26 0.06 0.23 0.15 0.16
Other PeCDDs 1.44 1.85 5.58 6.15 5.42
1,2,3,4,7,8-HxCDF 0.07 0.09 0.26 0.07 0.12
1,2,3,6,7,8-HxCDF 0.07 0.09 0.27 0.06 0.09
2,3,4,6,7,8-HxCDF <0.01 <0.01 0.02 0.06 0.09
Other HxCDFs 1.36 0.91 2.62 0.67 0.82
1,2,3,4,7,8-HxCDD 0.09 0.02 0.11 0.04 0.08
1,2,3,6,7,8-HxCDD 0.07 0.10 0.14 0.08 0.11
1,2,3,7,8,9-HxCDD 0.08 0.07 0.14 0.05 0.09
Other HxCDDs 3.84 1.06 2.38 3.52 2.42
1,2,3,4,6,7,8-HpCDF 0.17 0.35 1.08 0.14 0.20
1,2,3,4,6,7,8-HpCDD 0.33 0.62 2.26 0.32 0.88
1,2,3,4,6,7,9-HpCDD 0.36 0.58 2.75 0.42 1.14
OCDF 0.11 0.24 0.52 0.08 0.18
OCDD 1.29 3.01 0.68 1.20 2.33
TEqs 0.22 0.24 0.66 0.53 0.87
Abbreviations: PCDD, polychlorinated dibenzo-p-dioxin; PCDF, polychlori-
nated dibenzofuran; TCDD, tetrachlorodibenzo-p-dioxin; Pe, penta; CDF,
chlorodibenzofuran; CDD, chlorodibenzo-p-dioxin; Hx, hexa; Hp, hepta; 0,
octa; TEq, TCDD equivalents.
'Samples 1-2, background; samples 3-5, contaminated areas.
1000pg/g fat, fourofthosesamples showed2,3,7,8-TCDD con-
centrations above 1000 pg/g fat. In all samples only 2,3,7,8-
substitutedcongenerscouldbefound. 2,3,7,8-TCDFandOCDF
were only found in concentrations within the range ofback-
groundcontamination. PeCDFlevelswererelativelylow, where-
asthoseof2,3,7,8-TCDDandHxCDDswereespeciallyhigh. In
somesamplesonly2,3,7,8-TCDD wasfoundatanelevatedcon-
centration. These latter samples hadbeen taken from workers
involved in the 2,4,5-T production only. Employees who had
contactwiththechemical wastes (thermaldestructionresidues)
fromtheotherproductionprocesseshad,however, beenexposed
to a multitude of PCDD/PCDF isomers (and other
organochlorine substances), leading toelevatedlevels formany
ofthe congeners (see Table 10).
Withregardtochloracne, itisimportanttostatethatchloracne
isnotareliableindicatorofPCDD/PCDFexposurebecausein
a few cases chloracne was associated with relatively low
PCDD/PCDF concentrations in the body fat, whereas other
workers withhigherconcentrations (>1000pgTEq/g)did not
develop chloracne (22).
As times ofexposure and times ofsampling sometimes dif-
fered, estimatedPCDD/PCDFlevels atthetimeofexposure, us-
inghalf-lifevalueextrapolation, suggestedextremelyhighcon-
centrations(upto 12,000pg2,3,7,8-TCDD/gadiposefat)forsome
samples (22,24).
Blood
PCDD/PCDFconcentrations inwholebloodof85personsin-
volved in three fire incidents with considerable PCDD/PCDF
emissions werereportedbyPapkeetal. (44). Thesepersonshad
beenengagedintheclean-upactivities afterthefireorhadbeen
employed atthefiresite. TheirPCDD/PCDF levels showed no
evidentrelationtotheexposurebecauselevelsandcongenerpat-
ternweresimilartothesampleswithbackgroundcontamination.
Thesameauthors (35,45)analyzedthreebloodsamples. Two
ofthem were from females who had worked for 13 years in a
kindergarteninwhichtheindoorwoodpaneling hadbeentreated
with preservatives containing PCP. The third sample was col-
lected fromacarpenterwhohadsprayedPCP-containing wood
preservativesfor3-4yearsinnewhouses. Noneofthesamples
hadelevatedlevelscomparedtothebackground levels listed in
Table 6. In conclusion, it can be stated that for these three
samples a low-level, long-term indoor exposure or exposure
from spraying PCP did not lead to a significant elevation of
PCDD/PCDF concentrations. This is also true of the higher
chlorinated PCDDs, whicharethedominantby-products inthe
compositionofPCP (35,45).
Inbloodsamplesfrom32personsliving near, orworking in,
ametalreclamationplantinRastatt, elevated levelswerefound
inmanyoftheplantworkers(9). Theconcentrations ofPeCDFs,
HxCDFs, and HpCDFs were above the background levels,
changingtheusualhumanbloodcongenerdistributionpattern.
Also, some samples fromnonoccupationally exposed persons
living inthecontaminatedareahadcomparableelevated levels
forthesecongeners. Thisispossibleduetovegetableconsump-
tionfromkitchengardensandpossiblysoiland/ordustingestion
being apathway forexposure, especially forchildren. Itseems
thatelevatedPCDD/PCDFlevelsfornonoccupationally exposed
personsinveryrarecasesarecausedbylong-termdustandsoil
ingestion orconsumptionoffoodproduced nearpoint sources
with heavy PCDD/PCDFemission (9).
Spinal Cord
InTable 11, PCDD/PCDFlevelsinthespinalcordandadipose
tissue(bothonfat-weightbasis)ofanindividualarecompared
(29). Thelevelsinthespinalcordaredistinctly lowerevenona
fat-weightbasis, whichdocuments thatonly a limited passage
throughtheblood-brainbarrierhadtakenplace.
Exposure
The sources of PCDDs/PCDFs in the environment are
numerousandwillnotbediscussedhere. Evaluationsofdifferent
sources for Germany have been published by Hagenmaier
(46,47) and Hutzinger (48,49).
The similarity ofhuman PCDD/PCDF data for nonoccupa-
tionallyexposedpersonsrevealsthatthereisnoevidentdepen-
dencyoflevelsonthegeographicalresidenceofsubjects. These
findingssupporttheassumptionthatfoodintakeisanimportant
pathway for man because most food is not produced in the
residentialareaoftheconsumers, ratherfoodisofwidespread
origin. Thisisequivalenttogenerallyuniformcontaminationof
food with PCDDs/PCDFs. Contrary to this, it is known that
PCDD/PCDFlevelsinair(50-55)differbetweenindustrialized
and rural zones up to a factorof 15 (55) and thateven elevated
levels in indoor air (45) do not significantly affect the body
burden.
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Food
Onthebasisoffoodsamples summarizedinTable 12(26),the
daily intakeviafoodconsumptionwascalculatedtobe25pg/per-
son/day for2,3,7,8-TCDD and 164pg/person/day forTEqs(Table
13). A conversion to body weight (body weight 70 kg) has
resulted in levels of 0.35 pg/kg body weight per day for
2,3,7,8-TCDDand2.3 pg/kgbodyweightperday forTEqs. Most
ofthebody burdencausedby foodconsumptioncomesinequal
sharesfrommeat, milk, andfish. Foodofvegetableoriginisof
minor importance, although the human exposure route begins
with atmospheric emissions, including gaseous diffusion
depositing these compounds onplantsurfaces (56).
Theseresultswereconfirmedonabroaderbasisofanalytical
results from samples ofmilk, cheese, butter, beef, veal, pork,
lamb, chickenmeat, cannedmeat, lard, fish, codliveroil, salad
oil, andmargarine (27). Otherdataformilk, pork,beef, andfish
samples were in the samerange (57).
Fishsampleswerecharacterizedbyelevatedconcentrationsof
2,3,7,8-TCDF and 2,3,4,7,8-PeCDF. Fourteen samples offish,
mainlyeel, fromtheRhineandNeckarriversexhibitedTEqcon-
centrations ina range of8.1-39.2 pg/g fat. The maximumlevel
was found in a barbel sample with a relatively low fat content
(58). Samplesofbream fromtheriverElbe(59) can inpartbe
characterized ashighlycontaminated(4.1-23.8pgTEq/g fresh
weight, 1% fatcontent). Levelswerehighestinfishfromthehar-
borofHamburg (upto95pg/g for2,3,7,8-TCDD), presumably
because ofhigh levels insediments (60).
Food from contaminated areas near PCDD/PCDF-emitting
plants exhibited elevated levels as shown by samples ofcow's
milk from different industrialized areas (61) as well as by
samples fromgeese andkale from thesurroundings ofametal
reclamationplant. Levels inadiposetissuefromgeesesampled
in the contaminated area were 20 times higher than in the
reference samples with background contamination (Table 14).
Therespectivedifferences forkalewerenotsoclear(Table 15).
Eventhesampleswithbackgroundcontaminationshowedcom-
parably highlevels, possibly duetothelongperiodofgrowth,
which extends into the cold-weather months (55).
Other data (57) did not show elevated levels in samples of
cow's milkcollected near amunicipal waste incinerator.
Prinzetal. (62,63)comparedlevelsinpotatoes, salad, carrots,
celery, chard,leek,cucumbers,beans,plums, strawberries, ap-
ples, beetroot, kohlrabi, savoycabbage, endive, andkaleinthe
vicinity ofacable waste incinerator with samples from a rural
areatakingintoaccountthelevelsinsoil. Thecalculatedtransfer
rates for leafy vegetables were higher than those for root
vegetables, fruitvegetables, andfruits.Thetransferfromsoilinto
plants seems toberelatively low.
Acomparisonofconcentrationsinsoilandcornandinsoiland
grass, respectively, revealed alow correlation. Contamination
throughambientairpollutionandair-planttransferpredominates
(62,63-65). In all food samples ofvegetable origin, the con-
generpatterndistributionresemblesthatofgeneralcombustion
with adominance ofnon-2,3,7,8-substituted congeners.
Korneretal. (66)investigatedthePCDD/PCDFformationin
smoked, fried, andbroiledmeatandfish. Forcoldsmokedmeat
asthemainsourceamongthisgroup, 2.9pgTEq/person/daywas
calculated asanadditional intake. Thecongenerpatterns were
characteristic forPCDD/PCDFformationunderconditionsof
incomplete combustion with a dominance of non-2,3,
7,8-substituted congeners.
AfterfindingsofPCDDs/PCDFs (especially 2,3,7,8-TCDD/
TCDF) in paper products (67,68) the carry-over ofthese sub-
stances into food was investigated for cow's milkpackaged in
cardboard containers (61) and brewed coffee prepared with
coffee-filterpaper(69). Formilksamplespackagedincardboard
containers, atransferofabout 10% forTEqsfrompaperintomilk
wasdeterminedduringa6-daystorage(57,61,70). Thelevelsin-
creasedduringthisperiod(70). AfterthePCDD/PCDF levels
in cardboard containers used in Germany had been distinctly
reduced( 1 pptTEqinpaper)bythemanufacturers, themean
daily intake of TEqs by cardboard containers with 0.01 pg
TEq/kgbodyweightperday will nowcontributelessthan 1% as
comparedtothetotalintakeviafood. Levelsincoffee-filterpaper
alsohavebeen reduced. Lowerlevels forthis itemare0.2 pg/g
for2,3,7,8-TCDD and 1 pg/gfor2,3,7,8-TCDF (Becketal., un-
publishedresults), alsoresultinginashareoflessthan 1% com-
pared tothetotal intakeoffood.
Air
Incomparisontotheintakeviafood,theintakeviaoutdoorair
isconsideredtoberelativelylow(26). AssumingaTEqlevelof
0.2 pg/m3 (51,54), a complete absorption and a respiration
volume of20 m3/day, the daily intake is calculated to be 4 pg
TEq/person/day and 0.06 pg TEq/kg body weight per day,
respectively. This is only 2% ofthedaily intake calculated for
food. So only in special cases with relatively highlevels ofair
contamination [e.g., caused by indoor use of PCP for wood
preservation(51,54)] theintakeforTEqsvialong-terminhala-
tion wouldbecome important.
Coplanarand Mono-Ortho-
Substituted PCBs
Becauseseveralinvitr investigationshaveshownsimilartox-
icologicalpropertiesofcoplanar(non-ortho) andmono-ortho-
substituted PCBcongenerstoPCDD/PCDF, thesecompounds
havealsobeenmeasuredinhuman samples.
Beck et al. (71) reported results ofthe analysis ofmilk and
adipose tissue samples of human origin for 3,3', 4, 4'-tetra-
chlorobiphenyl (PCB-77): Meanlevelswere22and51 pg/gfat,
respectively. The other coplanar congeners [3,3', 4,4', 5-
pentachlorobiphenyl (PCB-126) and 3,3' 4,4', 5,5'-hexa-
chlorobiphenyl(PCB-169)] werenotquantifiedexactly,butitwas
estimated that their levels according to literature data (72,73)
werehigherby factorsofapproximately 4and2, respectively.
PCB-77 contributes only 0.001% to total PCBs in human
samples, whereas its level in some technical products exceeds
0.1% (74). This means that this congener is less resistant to
biodegradationthanmanyotherhigherchlorinatedcongeners.
Inthetechnicalproducts, theothernon-ortho-substituted con-
geners(PCB-126andPCB-169) weredeterminedinconcentra-
tionsdistinctly lowerthanthatofPCB-77 (74).
Inhumanmilk, amongthemono-ortho-substituted PCBcon-
geners, 2,3'4,4:5-pentachlorobiphenyl (PCB-118) wasmainly
presentinconcentrationsofabout60ng/gmilkfatas themain
congener. The other congeners ofthis group [2,3 4 5-tetra-
chlorobiphenyl (PCB-70), 2,3,3'4,4'-pentachlorobiphenyl
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(PCB-105), 2,3,3 '4,4'5-hexachlorobiphenyl (PCB-156), 2,3,
3 '4,5,5 '-hexachlorobiphenyl (PCB-159)] wereestimated tobe
inlowerconcentrations inarangebetween 1 and30ng/gmilkfat
(75-77 and H. Beck, unpublished results).
Conclusions
For nonoccupationally exposed persons, thedaily intake via
foodconsumptionisrelativelyhigh. Othersourcesandpathways
areofminorimportance. Foodofanimalorigincontributesmost,
although human exposure begins with atmospheric emissions
depositing these compounds on plant surfaces or on soil.
Therefore, efforts shouldbemadetominimizeoravoid PCDD/
PCDFemissions intotheenvironment. Especially, airconcen-
trationsofthesesubstancesmustbereducedtodecreasethefood
chain accumulation (56), leading atpresent to levels in human
milk not tolerable underthe aspect ofprospective health care.
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